IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



TEPHA, INC., 

99 Hayden Avenue, Suite 360, 
Lexington, Massachusetts 02421, 

Plaintiff, 

v. 

DAVID J. KAPPOS, Under Secretary 
of Commerce for Intellectual 
Property and Director of the United 
States Patent and Trademark Office. 
Office of General Counsel, 
United States Patent and 
Trademark Office, P.O. Box 
15667, Arlington, VA 22215 and 
Madison Building East, Room 
10B20, 600 Dulany Street, 
Alexandria, VA 22314, 

Defendant. 



COMPLAINT 

For its Complaint against the Honorable David J. Kappos, in his official capacity as 
Director of the United States Patent and Trademark Office, Plaintiff Tepha, Inc. states as 
follows: 

NATURE OF THE ACTION 

1. This is an action by Plaintiff Tepha, Inc. ("Tepha"), the assignee of United 
States Patent No. 7,025,980 ("the '980 patent") against Defendant David J. Kappos, as Director 



Case: 1:10-cv-00580 
Assigned To : Friedman, Paul L. 
Assign. Date : 4/12/2010 
Description: General Civil 



of the United States Patent and Trademark Office ("USPTO") to have the patent term of the 
'980 patent recalculated to correct the patent term adjustment ("PTA") under the USPTO's 
erroneous statutory construction of 35 U.S.C. § 154(b). Plaintiff Tepha seeks a judgment that 
the PTA for the '980 patent be changed from 797 days to 826 days, or an increased adjustment 
of 29 days. 

2. This action arises under 35 U.S.C. § 154, as correctly construed in the case of 
Wveth v. Kappos. 591 F.3d 1364 (Fed. Cir. 2010). 

THE PARTIES 

3. Plaintiff Tepha is a corporation organized under the laws of Delaware, having 
a principal place of business at Lexington, Massachusetts. 

4. Defendant David J. Kappos ("the Director") is the Under Secretary of 
Commerce for Intellectual Property and Director of the USPTO, acting in his official capacity. 
The Director is the head of the USPTO and is responsible for superintending or performing all 
duties required by law with respect to the granting and issuing of patents, and is designated by 
statute as the official responsible for determining the period of patent adjustments under 35 
U.S.C. § 154. 

JURISDICTION AND VENUE 

5. The Court has jurisdiction over this action and is authorized to issue the relief 
sought pursuant to 28 U.S.C. §§ 1331, 1338(a) and 1361 and 35 U.S.C. § 154(b)(4)(A). 

6. Venue is proper in this district under 35 U.S.C. § 154(b)(4)(A). 
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FACTS 

7. Simon F. Williams and David P. Martin are the inventors of record of patent 
application number 09/661,773, which issued as the '980 patent, a copy of which is attached 
hereto as "Exhibit A." 

8. Plaintiff Tepha is the assignee of the '980 patent, as shown by documents 
recorded in the USPTO and Exhibit A. Accordingly, Plaintiff Tepha is the real party in interest. 

9. Section 154 of 35 U.S.C. requires that the USPTO Director grant a PTA per the 
provisions of Section 154(b). More specifically, 35 U.S.C § 154(b)(3)(D) states that "[tjhe 
Director shall proceed to grant the patent after complete of the Director's determination of a 
patent term adjustment under the proceedings established under this subsection, 
notwithstanding any appeal taken by the applicant of such determination." 

10. Under 35 U.S.C. § 154(b)(1), an applicant is entitled (subject to certain 
conditions and limitations) to PTAs for the following reasons: 

a. If the USPTO fails to take certain actions during the patent examination and 
issue process within specified time frames, 35 U.S.C.§ 154(b)(1)(A), which are known as the A 
delays; 

b. If the USPTO fails to issue a patent within three years of the actual filing date 
of the application, 35 U.S.C§ 154(b)(1)(B), which are known as the B delays; and 

c. For delays due to interference, secrecy order, or successful appellate review, 
35 U.S.C.§ 154(b)(1)(B), which are known as the C delays. 

11. Moreover, 35 U.S.C. § 154(b)(1) also provides that "[t]o the extent that 
periods of delay attributable to grounds specified in [35 U.S.C. § 154(b)(1)] overlap, the period 
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of any adjustment granted under this subsection shall not exceed the actual number of days the 
issuance of the patent was delayed." Finally, any applicant delays are subtracted from the 
actual PTA. 

12. From the enactment of 35 U.S.C. § 154(b) to the Federal Circuit's decision in 
Wveth v. Kappos. 591 F.3d 1364 (Fed. Cir. 2010), the USPTO incorrectly calculated PTAs by 
giving an applicant the greater of the A delay or B delay, but not both. In Wveth. the Federal 
Circuit held that the both the A delay and the B delay must be included in the PTA calculation, 
and that the USPTO had been incorrectly calculating PTAs. 

13. On February 1, 2010, the USPTO published official notice in the Federal 
Register to notify the public that it was modifying its computer software to calculate the PTA 
for a patent per the method described in the Wveth decision. In its official notice, the USPTO 
announced it would recalculate PTAs for patents issued before March 2, 2010, if filed within 
180 days of the day the patent was granted. 

14. In that same official notice, however, the USPTO did not provide a method 
of post- Wveth recalculation of PTA for patents issued more than 180 days before March 2, 
2010. 

COUNT I (THE '980 PATENT) 

15. The allegations set out in Paragraph Nos. 1 through 14 are incorporated into 
this Count as if fully set forth herein. 

16. The 09/661,773 application was filed on September 14, 2000, and issued as 

the '980 patent on April 11, 2006. 
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17. The USPTO previously and erroneously calculated that the PTA for the '980 
patent is 797 days, as shown on the face of the '980 patent. See Exhibit A. 

18. The USPTO's pre- Wveth PTA of 797 days is in error, in that the USPTO did 
not include both A delay and B delays, as required under 35 U.S.C. § 154(b). 

19. Under 35 U.S.C. § 154(b)(1) and as set out in Wveth. the correct formula for 
measuring a PTA is [A delay] plus [B delay] minus [overlap delay] plus [C delay] minus [applicant 
delay.] 

20. Applying the correct PTA formula, the total period of USPTO delay for the 
'980 patent and, thus, the correct PTA for the '980 patent, is calculated as follow: 29 days of A 
delay plus 198 days of B delay plus 742 days of C delay and minus 143 days of applicant delay. 
Accordingly, the correct PTA for the '980 patent is 826 days, which requires the addition of 29 
more days to the term of the '980 patent. 

22. The USPTO's original PTA calculation under its construction of 35 U.S.C. § 
154(b) for the '980 patent is arbitrary, capricious, an abuse of discretion, and otherwise not in 
accord with the law, and is in excess of the USPTO's statutory jurisdiction, authority, and 
limitation, as is its decision not to calculate new PTAs for patents issued more than 180 days 
before March 2, 2010. 

PRAYER FOR RELIEF 

WHEREFORE, Plaintiff Tepha respectfully asks this Court to: 
a. Issue an Order that directs the USPTO to increase the patent term adjustment 
for the '980 patent term by 29 days, namely, from 797 days to 826 days, and directing the 
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USPTO to alter the face and file of the '980 patent to show a correct patent term adjustment of 
826 days; and 



b. Grant such other an further relief as the Court deems just, fair, and equitable. 
DATED: April 12, 2010. 



1545 Peachtree Street, N.E. 
Suite 320 
Atlanta, GA 30309 
(404) 879-2150 
Fax (404) 879-2160 
patrick@pabstpatent.com 



Respectfully submitted, 



PABST PATENT GROUP LLP 




Patrick A. Dawson 7 
D.C. Bar No. 441481 
Of Counsel 
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(12) United States Patent 
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(54) POLYHYDROXYALKANOATE 

COMPOSITIONS FOR SOFT TISSUE 
REPAIR, AUGMENTATION, AND 
VKCOSUPPLEMENTATTON 
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Polyhydroxyalkanoate materials are provided which are 
suitable for repair of soft tissue, augmentation, and as 
visco supplements in animals, particularly humans. The 
materials comprise liquid polynydroxyalkanoate polymer 
compositions or polyhydroxyalkanoate microdispersions. 
Devices also are provided for storage and delivery of the 
polyhydroxyalkanoate compositions in vivo. Methods are 
provided for repairing or augmenting soft tissue in animals 
using the materials. In a preferred embodiment, the method 
include the steps of (a) selecting the animal soft tissue to be 
repaired or augmented; and (b) placing an injectable, liquid 
polyhydroxyalkanoate polymer or a polyhydroxyalkanoate 
microdispersion into the animal soft tissue, preferably using 
a minimally-invasive method such as injection. In another 
embodiment, the liquid polyhydroxyalkanoate polymer 
compositions or polyhydroxyalkanoate microdispersions are 
used as visco supplements. 
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POLYHYDROXYALKANOATE may be slightly soluble in body fluids, facilitating a rapid 

COMPOSITIONS FOR SOFT TISSUE diffusion out of the site of implantation. To address these 

REPAIR, AUGMENTATION, AND concerns, U.S. Pat. Nps. 5,728,752 and 5,824,333 to Scope- 

VISCOSUPPLEMENTATION lianos et al., disclose polymers derived from e-caprolactone, 

S trimethylene carbonate, and/or ether lactones with glycolide, 
CROSS-REFERENCE TO RELATED lactide and p-dioxanone units, for use in the repair of soft 

APPLICATIONS tissues and augmentation which have lower viscosities and 

do not harden after implantation. While these compositions 
Priority is claimed to U.S. provisional application Ser. No. appear to have such desirable properties, these materials are 
60/153,810, filed Sep. 14, 1999. io fairly rapidly degraded and therefore would need to be 

re-injected at frequent intervals. Moreover, some of these 
BACKGROUND OF THE INVENTION polymers break-down to monomers well known to cause 

undesirable inflammatory responses in vivo. 
The present invention generally relates to injectable liquid it is therefore an object of the present invention to provide 
forms or nucrodispersions of polymers suitable for use in 15 polymeric materials for soft tissue repair and augmentation 
soft tissue repair, augmentation, and as visco supplements. that are safe, injectable, long lasting, bioabsorbable, and 

A variety of different materials have been used to repair biocompatible, 
or augment soft tissue defects or to contour abnormalities jt i s a further object of mis invention to provide methods 
caused by facial defects, acne, surgical scarring, trauma or for preparing and using such materials, 
aging. Unfortunately, none of these materials is considered 20 

to be ideal owing to short-comings in effectiveness or SUMMARY OF THE INVENTION 

efficacy. For example, liquid silicone was often used to 

correct soft tissue defects. However, this material was sub- Polyhydroxyalkanoate materials are provided which are 
sequently banned by the FDA when it was discovered that it suitable for repair of soft tissue, augmentation, and as 
could migrate to distant parts of the body and cause physi- 25 visco supplements in animals, particularly humans. The 
ological and clinical problems. Another material, bovine materials comprise liquid polyhydroxyalkanoate polymer 
collagen, became available in the 1970*s and appeared to be compositions or polyhydroxyalkanoate nucrodispersions. 
an effective material for treating soft tissue defects. Over Devices also are provided for storage and delivery of the 
time, however, h was discovered that this material was fairly polyhydroxyalkanoate compositions in vivo, 
rapidly absorbed. The rapid resorption was partially solved 30 Methods are provided for repairing or augmenting soft 
by crosslinking the collagen to extend its lifetime to six tissue in animals using the materials. In a preferred embodi- 
months; however, frequent injections of the material are still ment> the method include the steps of (a) selecting the 
required. Furthermore, allergic reactions due to bovine pro- animal soft tissue to be repaired or augmented; and (b) 
teins present in the collagen persist in the cross-linked placing an injectable, liquid polyhydroxyalkanoate polymer 
material. ^ 35 0 r a polyhydroxyalkanoate microdispersion into the animal 

A number of newer materials for soft tissue or augmen- so ft tissue, preferably using a rninimally-invasive method 
tation have been described. Ceramic particles of calcium sucn as injection. In another embodiment, the liquid poly- 
phosphate mixed with an aqueous gel carrier in a viscous hydroxy alkanoate polymer compositions or polyhydroxyal- 
polymer have been described in U.S. Pat No. 5,204,382 to kanoate microdispersions are used as viscosupplements. 
Wallace et al. However, there appear to be risks associated 40 

with the use of these nonabsorbable particulate materials DETAILED DESCRIPTION OF THE 

relating to their migration in vivo. Polymers in combination INVENTION 
with solvents and a thermosetting material with a curing 

agent have both been proposed by Dunn in U.S. Pat Nos. It was discovered that polyhydroxyalkanoate polymers 
4,938,763; 5,278,201; and 5,278,202, but the solvents nec- 45 C an be selected and/or rendered are suitable for use in soft 
essary to dissolve the polymers appear to be less than tissue repair, augmentation, and as viscosupplements. In 
acceptable, and the materials have limited utility in filling preferred embodiments, these polyhydroxyalkanoate poly- 
soft tissue defects because they solidify. Furthermore, these mer compositions have low viscosities which enable them to 
materials and other similar commercial materials have ulti- ^ injected into soft tissue or the knee joint with a syringe 
mate yield stresses close to 10,000 psi compared to between 50 and needle. These polymers preferably do not harden after 
500 and 2,000 psi for human skin, raising pulpabilhy implantation. Degradation rates can be controlled so mat 
concerns and making them too hard for repair of soft tissue certain compositions are slow to bioabsorb, thereby decreas- 
and especially for dermal augmentation or repair. Other m g considerably the frequency with which the composition 
polymer blends based on lactic acid polymers also have been must fc e re-injected 
suggested in U.S. Pat No. 4,235312 to Buchholz. 55 

Other materials for injection, which solidify to serve as I. "Hie Polyhydroxyalkanoate Compositions 
bulking agents or as matrices for tissue ingrowth, are The composition comprises a fluid material which corn- 
described in U.S. Pat No. 5,709,854 to Vacanti, et al., and prises a polyhydroxyalkanoate. The polyhydroxyalkanoate 
PCI7US96709065 by Reprogenesis. Exemplary materials in is either in the form of a liquid or a microdispersion, and 
the '854 patent include alginate solutions which are mixed 60 optionally may further include agents to increase the safety 
with calcium ions to induce crosslinking after injection. The and efficacy of the composition. The PHA must be a fluid at 
PCT application discloses alternative crosslinkable synthetic body temperature or must be in the form of a microdisper- 
polymers which have similar properties upon exposure to sions in a fluid carrier. 

light or multivalent ions. As used herein, the term "body temperature" refers to the 

In mis case, however, the polymers are considered to be 65 approximate average normal, internal temperature of the 
too viscous to be injected through a needle, which signifi- animal into which the composition is to be introduced, for 
cantly limits their utility. Furthermore, the oligomers also example, about 37° C. in humans. 
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Physical properties of the compositions which make them fermentations, 5:527-36 (1925)). A second group of PHAs 
useful for the augmentation of soft tissue are that they can containing the short R-3HB units randomly polymerized 
be easily delivered, preferably by injection, to the desired with much longer pendant group hydroxy acid units were 
tissue and that the composition is biocompatible and slowly first reported in the early seventies (Wallen & Rohwedder, 
bioabsorbed. 5 Environ. ScL Technol, 8:576-79 (1974)). A number of 

As used herein, the term "biocompatible** refers to com- microorganisms which specifically produce copolymers of 
positions that are well tolerated by the body and which do R-3HB with these longer pendant group hydroxy acid units 
not cause a prolonged adverse inflammatory reaction that are also known and belong to this second group (Steinbfichel 
would affect their function or performance. & Wiese, Appl Microbiol Biotechnol, 37:691-97 (1992)). 

As used herein, the term "bioabsorbable" refers to com- 10 In the early eighties, a research group in The Netherlands 
positions which decomposes under normal in vivo physi- identified a third group of PHAs, which contained predomi- 
ological conditions into components which can be metabo- nantly longer pendant group hydroxy acids (De Smet, et al., 
lized or excreted. "Slow bioabsorption" means mat the J. Bacterio!., 154:870-78 (1983)). 
composition performs the intended repair, augmentation, or The PHA polymers may constitute up to 90% of the dry 
viscosupplementation function for the appropriate time is cell weight of bacteria, and are found as discrete granules 
period, preferably longer than 1 month. In contrast, a mate- inside the bacterial cells. These PHA granules accumulate in 
rial that is too quickly bioabsorbed requires frequent re- response to nutrient limitation and serve as carbon and 
injection. energy reserve materials. Distinct pathways are used by 

As used herein, the term "microdispersion" refers to a microorganisms to produce each group of these polymers, 
suspension of particles. The particles form a separate phase 20 One of these pathways leading to the short pendant group 
from that of the continuous phase. The particles may be in polyhydroxyalkanoates (SPGPHAs) involves three 
an amorphous or crystalline state. The particle size and enzymes, namely thiolase, reductase and PHB synthase 
concentration is chosen to provide the appropriate properties (sometimes called polymerase). Using this pathway, the 
of the mixture. Typically, the particle size is on the order of homopolymer PHB is synthesized by condensation of two 
1 nm to 500 um. 25 molecules of acetyl-Coenzyme A to give acetoacetyl-Coen- 

The compositions preferably can be easily injected using zyme A, followed by reduction of this intermediate to 
conventional techniques, that is, they can be injected manu- R-3-hydroxybutyryl-Coenzyme A, and subsequent polymer- 
ally, such as with a syringe and needle, preferably one ization. The last enzyme in this pathway, namely the syn- 
having a 16 gauge diameter, more preferably having a 22 or thase, has a substrate specificity that can accommodate 
larger gauge (i.e. smaller diameter needle). 30 C3-C5 monomelic units including R-4 -hydroxy acid and 

In one embodiment, the PHA is a wax at room tempera- R-5 -hydroxy acid units. This biosynthetic pathway is found, 
ture (e.g., between 20 and 25° C.) which can be heated to for example, in the bacteria Zoogloea ramigera and Alcali- 
body temperature or greater so that the composition lique- genes eutrvphus. 

fies, rendering it injectable. In a preferred embodiment, the The biosynthetic pathway which is used to make the third 
PHA polymers are hquid polymers of polyhydroxyalkanoate 35 group of PHAs, namely the long pendant group polyhy- 
coporymers which do not crystallize at body temperature, droxyalkanoates (LPGPHAs), is still partly unknown, how- 
which bioabsorb slowly in vivo. Preferably, the material ever, it is currently thought that the monomelic hydroxyacyl 
maintains at least half of its mass or molecular mass for a units leading to the LPGPHAs are derived by the p-oxida- 
period over one year after implantation in vivo. tion of fatty acids and the fatty acid pathway. The Re- 

sources of Polyhydroxyalkanoates 40 hydroxyacyl-Coenzyme substrates resulting from these 

Polyhydroxyalkanoates (PHAs) are a class of naturally routes are then polymerized by PHA synthases (sometimes 
occurring polyesters that are synthesized by numerous called polymerases) that have substrate specificities favoring 
organisms in response to environmental stress. For reviews, the larger monomelic units in the C6-C14 range. Long 
see Byrom, "Miscellaneous Biomaterials,** in Byrom, ed., pendant group PHAs are produced, for example, by 
Biomaterials MacMillan Publishers, London, 1991, pp. 45 Pseudomonads. 

333-59; Hocking & Marchessault, "Biopolyesters** in Grif- Presumably, the second group of PHAs containing both 
fin, ed., Chemistry and Technology of Biodegradable Poly- short R-3HB units and longer pendant group monomers 
mers, Chapman and Hall, London, 1994, pp. 48-96; utilize both the pathways described above to provide the 
Holmes, "Biologically Produced (R)-3 -hydroxy alkanoate hydroxy acid monomers. The latter are then polymerized by 
Polymers and Copolymers" in Bassett, ed., Developments in 50 PHA synthases able to accept these units. 
Crystalline Polymers, Elsevier, London, vol. 2, 1988, pp. In all about 100 different types of hydroxy acids have 
1-65; Lafferty et al., "Microbial Production of Poly-{3- been incorporated into PHAs by fermentation methods so far 
hydroxybutyric acid" inRehm& Reed, eds., Biotechnology, (Williams, et al., Int. J. Biol Macromol, 25:111-21 
Veriagsgesellschaft, Weinheim, vol. 66, 1988, pp. 135-76; (1999)). Notably, these include PHAs containing function- 
Muller & Seebach, Angew. Chem. Int. Ed Engl. 32:477-502 55 alized pendant groups such as esters, double bonds, alkoxy, 
(1993); Steinbuchel, 'Tolyhydroxyalkanoic Acids" in aromatic, halogens and hydroxy groups. 
Byrom, ed, Biomaterials, MacMillan Publishers, London, During the mid- 1 980* s, several research groups were 
1991, pp. 123-213; Williams & Peoples, CHEMTECH, actively identifying and isolating the genes and gene prod- 
26:38-44, (1996), and the recent review by Madison & ucts responsible for PHA synthesis. These efforts have lead 
Husiman, Microbiol & Mol Biol Rev. 63:21-53 (1999). 60 to the development of transgenic systems for production of 
The PHAbiopolymers may be broadly divided into three PHAs in both microorganism and plants, as well as enzy- 
groups according to the length of their pendant groups and matic methods for PHA synthesis. Such routes could 
their respective biosynthetic pathways. Those with short increase further the available PHA types. These advances 
pendant groups, such as polyhydroxybutyrate (PHB), a have been reviewed in Williams & Peoples, CHEMTECH, 
homopolymer of R-3-hydroxybutyric acid (R-3HB) units, 65 26:38-44 (1996), Madison & Huisman, Microbiol Mol 
are highly crystalline thermoplastic materials, and have been Biol Rev., 63: 2 1-53 (1 999), and Williams & Peoples, Chem. 
known the longest (Lemoigne & Roukhelman, Annates des Br. 33:29-32 (1997). 
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In addition to using biological routes for PHA synthesis, crosslinked by methods including the use of radical chem- 
PHA polymers may also be derived by chemical synthesis. istry, irradiation, and with crosslinking agents. Representa- 
One widely used approach involves the ring-opening poly- tive methods are described in de Koning et al., Polymer, 
merization of p- lactone monomers using various catalysts or 35:2090-97 (1994); Gagnon, et al., Polymer, 35:4358-67 
initiators such as aluminoxanes, distannoxanes, or aDcoxy- 5 (1994); and Gagnon, et al., Polymer, 35:4368-75 (1994). 
zinc and alkoxy-aluminum compounds (see Agostini, et al., Certain polyhydroxyalkanoates may also contain function- 
Polynu ScL, Part A-l, 9:2775-87 (1971); Gross, et al., alities in their pendant groups such as unsaturation which 
Macromolectdes, 21:2657-68 (1988); Dubois, et al., Mac- can be a preferred she of crosslinking. Preferred polyhy- 
romolecules, 26:4407-12 (1993); Le Borgne & Spassky, droxyalkanoate polymer compositions will have viscosities 
Polymer, 30:2312-19 (1989); Tanahashi & Doi, Macromol- to high enough to prevent them from being dissolved in bodily 
ecules, 24:5732-33 (1991); Hori, et al., Macromolectdes, fluids, but low enough to allow them to be easily injected 
26:4388-90 (1993); Kemnitzer, et al., Macromolecules, A suitable viscosity would allow manual injection of the 
26:1221-29 (1993); Hori, et al., Macromolecules, fluid through a 16 g needle, and a preferred viscosity would 
26:5533-34 (1993); Hocking & Marchessault, Polynu Bull, allow manual injection of the fluid through a 22 or smaller 
30:163-70 (1993); U.S. Pat Nos. 5,489,470 and 5,502,116 15 gauge needle. A suitable range of viscosity would be less 
to Noda). A second approach involves condensation poly- than about 1,000,000 cP. The preferred range of viscosity 
merization of esters and is described in U.S. Pat. No. varies from that of water (1 cP) to about that of molasses 
5,563,239 to Hubbs, et al., and references therein. Research- (100,000 cP). The viscosity of a fluid typically depends on 
ers also have developed chemo-enzymatic methods to pre- the temperature, thus it is possible to adjust the viscosity of 
parePHAs. Xie et al., Macromolecules, 30:6997-98 (1997), 20 a fluid by varying its temperature. Typically viscosity of a 
for example, discloses a ring opening polymerization of material is lower at higher temperature. Prior to injection, 
beta-butyrolactone by thermophilic lipases to yield PHB. the temperature of the fluid may be increased to facilitate 
The polyhydroxyalkanoates are also generally available injection. Depending upon the particle concentration, Col- 
in two physical forms, namely a latex form (Koosha, F. loidal suspensions of PHA particles can be produced which 
Ph.D. Dissertation, 1989, Univ. Nottingham, UK., Diss. 25 have low viscosity (<100 000 cP). Absorption of the carrier 
Abstr. Int B 51:1206 (1990)), and as a dry powder. Poly- fluid from the tissue can result in aggregation and potential 
hydroxy alkanoates useful in the present compositions can be coalescence of PHA particles. Depending on the composi- 
derived using any of the above methods, alone or in con- tion and Mw, PHA polymers in the liquid form can be 
junction with the techniques described in the Examples produced with higher viscosities (>100 000 cP). Prior to 
below. 30 injection, the temperature of the liquid PHA may be 
(i) Liquid Polymers increased to facilitate injection. 

The polyhydroxyalkanoate liquid copolymers may con- In addition to controlling viscosity by altering composi- 

tain varying amounts of the different hydroxy acid monomer tion, molecular weight and using crosslinking, it is also 

types depending upon the specific properties mat the liquid possible to use these methods to control the rate of bioab- 

copolymer is desired to have. These polyhydroxyalkanoate 35 sorption of the injectable polyhydroxyalkanoate in vivo. It is 

polymers also may be blended with other poly hydroxy al- therefore possible to tailor bioabsorption rates to an appli- 

kanoate polymers or other suitable materials prior to use. cation. 

In a preferred embodiment, the polymer is derived from For medical or veterinary use, the PHA polymers may be 

one or more monomers selected from the group consisting of sterilized, for example by gamma irradiation or by using 

2- hydroxybutanoate, 3-hydroxyalkanoates, 3 -hydroxy alk- 40 ethylene oxide. Certain PHA polymers also may be steril- 
enoates, 4 -hydroxy alkanoates , 4-hydroxyalkenoates, 5-hy- ized in an autoclave with steam. 

droxyalkanoates, 5-hydroxyalkenoates, 6-hydroxyal- (ii) Polymer Microdispersions 

kanoates, and 6-hydroxyaIkenoates. Preferred species In this embodiment of the compositions, suitable fluid 

include homopotymers and copolymers containing any com- carriers include liquid polyhydroxyalkanoates and aqueous 

bination of the monomers 3 -hy droxybuty rate, 3 -hydroxy- 45 solutions. Suitable polyhydroxyalkanoate particulates will 

valerate, 3-hydroxypropionate, 2-hydroxybutyrate, 4-hy- have a diameter less than about 500 urn, preferably less than 

droxybuty rate, 4-hydroxyvalerate, 3-hydroxyhexanaote, 50 um, and most preferably less than about 5 um. 

3- hydroxyheptanoate, 3-hydroxyoctanaote, 3-hydrox- The dispersed particles may be in a semi-crystalline or a 
ynonanoate, 3-hydroxydecanoate, 3-hydroxyundecanoate, fluid-like amorphous state. The amorphous state is preferred 
3 -hydroxy dodecanoate, 3-hydroxytridecanoate, 3-hydrox- so when aggregation and coalesce of the particle into larger 
ytetradecanoate, 3-hydroxypentadecanoate, 3-hydroxyhexa- particles is desired. Aggregation and coalescence is likely to 
decanoate, 3 -hydroxy hep tadecanoate and 3-hydroxyoctade- be facilitated by absorption of the fluid carrier. Larger 
canoate. aggregates are often preferred as they are less likely to 

The viscosity of the liquid polyhydroxyalkanoate poly- migrate from the site of injection. Larger or smaller particles 

mers may be varied by changing the molecular weight of the 55 may be preferred when surface area affects the bioabsorption 

polymer, crosslinking, and/or by changing the composition profile. 

of the polymers. The desired molecular weight may be Semicrystalline particles are preferred when the proper- 
achieved during the initial polymer synthesis, or aherna- ties of the crystalline phase are desired. Semicrystalline 
tively adjusted up or down subsequently. Suitable methods particles are expected to have a longer absorption profile 
for decreasing the molecular weight of polyhydroxyal- 60 than analogous amorphous particles. Additionally, the dif- 
kanoates, particularly to convert them from solid to liquid fusion of added agents (such as drugs or bioactive corn- 
forms, include hydrolysis (particularly using acid catalysis), pounds) is affected by the crystalline state of the material, 
enzymatic degradation, irradiation, and mechanical or ther- Diffusion of a drug out of a semicrystalline particle is 
mal treatments. Particularly desirable PHAs have relatively typically slower than from an analogous amorphous particle, 
low molecular weights and are amorphous. Preferred PHA 65 Thus, crystal Unity may be adjusted to optimize the release of 
molecular weights are generally less than 100,000, prefer- an added drug. A microdispersion may be preferred over a 
ably less than 50,000. Polyhydroxyalkanoates may be liquid polymer when low viscosity is desired. PHA micro- 
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dispersions containing high solids concentration (> 10% by alter surgery or atrophy; and any other soft tissue that can be 

weight solids) can be prepared which are suitable for injec- augmented for cosmetic or therapeutic affect. 

™* "WJ ™ uld beprrfertedwhenUKUseof Administration of the Com- 

a earner fluid is undesirable or when the polymer is intended nositions 

t0 ^ na den * dep0sit ' 5 A variety of devices may be used for administering the 

er gen , , . compositions. A preferred method of administration uses a 

The compositions may further include other agents to ^ e mi nQed ^ e other suitable devices include the car- 

mcrease the safety and efficacy of the composition. m U5 , p at No8 . 4 564 555 ^ 

Examp les of such agente include cornpomids with an*- $ 75g ^ 4 Additional means also be used to facilitate 

rmcTobialactrvr^^estr^^ adjuvants, arm-mflarnrnatory 10 viscous polyhydroxyalkanoate composi- 

compounds, surfactants, steroids, lipids, enzymes, antjbod- tions> 4 h ^ ^' use of pow^d devices and devices which 

,eS ' ormones. ....... heat the polymer composition prior to delivery. 

Other agents which can be included mAe compositions Ifl one ^1^^ ^ polyhydroxyalkanoate composi- 

mclude Pharmacologically active or b.oactrve compounds, ^ provided m ^ form , of a kit including the poly- 

and dyes. Proteins and peptides can be included. is ^ m a reservoir aloQgwith delivery means, for 

II. Applications for the Polyhydroxyalkanoate Compositions example, a syringe or catheter. 

The polyhydroxyalkanoate compositions may be admin- The present invention will be further understood by 

istered anywhere in the body of animals where a bulking reference to the following non- limiting examples, 

agent or visco supplement is needed (e.g., intradermally, 20 

subcutaneously, intramuscularly and submucosally) in a EXAMPLE 1 
therapeutic amount to provide the desired cosmetic, pros- 
thetic, or pain-relieving effect. As used herein, the term Injectable Compositions of Polyhydroxyalkanoate 
"animal'* includes mammals, preferably humans. 3836 

The compositions can be used for a variety of soft tissue 25 

repair and augmentation procedures, and as viscosupple- PHA3836 (poly-3 -hydroxyoctanoate-co-3-hydroxyhex- 

ments. For example, they can be used in facial tissue repair anoate) (6.75 g, Mw 100,000), derived by microbial fer- 

or augmentation including, but not limited to, camouflaging mentation, was dissolved in dioxane (90 ml) containing 10 

scars, filling depressions, smoothing out irregularities, cor- ml of concentrated hydrochloric acid. 1 ,3-Butanediol (2.5 

recting asymmetry in facial hemiatrophy, second branchial 30 ml) was added and the mixture was heated to reflux, 

arch syndrome, facial lipodystrophy and camouflaging age- Samples (5 ml) were removed periodically and dried by 

related wrinkles as well as augmenting facial eminences rotary evaporation. The molecular mass of these products 

(lips, brows, etc.). Additionally, these compositions can be were determined by GPC analysis, see Table 1. Lower 

used to restore or improve sphincter function such as for molecular weight compositions of PHA3836 were found to 

treating stress urinary incontinence. Other uses include the 35 be suitable for injection as viscous fluids, particularly after 

treatment of vesicoureteral reflux by subureteric injection heating prior to injection, 
and application of these materials as general purpose fillers 

in the human body. TABLE 1 

The compositions can be used a surgical aid. 

In one embodiment, the compositions may be injected 40 Molecular Wcigto of Acid Alkohotysis 

into skeletal tissues, such as bone, cartilage, tendons, and 
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muscles. Such embodiments can be used to facilitate tissue Reaction Time (min.) Mw* Mw/Mn" 

repair or regeneration. 

The compositions may also be used as visco supplements, 
for example, to relieve pain due to osteoarthritis of the knee, 45 
in a similar manner to the commercial use of the product 
SYNVISC™. By directly injecting one of the presently 
described polyhydroxyalkanoate compositions into the knee 
joint, the material can act as a shock absorber and lubricant, 
providing prolonged relief from pain. 50 

r^resentative ^ the compositions .^terminal by GPC analyst Isolated polymer, we* dissolved in chloro- 

include racial contouring (Sown or glabellar line, acne scars, f onn at approximately 1 mgfaiL and samples (50 uL) were chromato- 

Cheek depressions, vertical Or perioral lip lines, marionette graphed on a Waters Stryagel HT6E column at a flow rate of 1 mL chloro- 
lines Or Oral Commissures, worry or forehead lines, Crow's fonn room temperature using a refractive index detector, 

feet or peri-orbital lines, deep smile lines or nasolabial folds, 55 j^^^ were determined relative to polystyrene standards of 

smile lines, fecial scars, lips and the like); periurethral naiTOWp ° y sperei 
injection including injection into the sub mucosa of the 

urethra along the urethra, at or around the urethral-bladder EXAMPLE 2 
junction to the external sphincter, ureteral injection for the 

prevention of urinary reflux; injection into the tissues of the 60 Injectable Polyhydroxyalkanoate 3836 

gastrointestinal tract for the bulking of tissue to prevent Compositions 
reflux; to aid in sphincter muscle coaptation, internal or 

external, and for coaptation of an enlarged lumen; intraocu- PHA3836 (20.0 g, Mw 100,000) was dissolved in dioxane 

lar injection for the replacement of vitreous fluid or main- (250 ml) with heating. After complete dissolution, concen- 

tenance of intraocular pressure for retinal detachment; injec- 65 trated hydrochloric acid (20 ml) and 1,3-butanediol (10 g) 

tion into anatomical ducts to temporarily plug the outlet to were added. The mixture was heated to reflux. Samples (100 

prevent reflux or infection propagation; larynx rehabilitation ml) were removed at 1 0 minutes and 30 minutes, samples A 
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and B, respectively. Solvent was removed by rotary evapo- 
ration followed by lyophilization. The molecular mass of 
these products were determined by GPC analysis, see Table 
2. Upon standing at room temperature, samples A and B 
solidified into elastic, waxy materials. After heating to 50° s 
C, these waxy materials became viscous fluids suitable for 
injection. After cooling to room temperature, products A and 
B remained viscous fluids. 

' TABLE 2 io 

Molecular Weight Analysis of Acid Alcoho lysis 
Producteof FHA3836 



Sample Reaction Time (min.) 



MW 



Mw/Mn- 



A 
B 



10 
30 



60000 
20000 



2.0 
1.8 



IS 



•Determined by GPC analysis, see Table 1 for GPC conditions. 



product (>60%). A plot of log Mw versus log Reaction Time 
is linear, thus one can optimize the process to yield polymer 
of desired Mw and viscosity by varying the reaction time. 
There is no crotonization of the polymer and the resultant 
product is partially terminally acetylated, as evidenced by 
the acetyl resonance in the *H NMR spectrum. Under the 
conditions used, polymer of 8,000 g/mol can be produced in 
4 hours and 1,500 g/mol (Mw/Mn=l .32) can be produced in 
about 23 hours. 

In general the PHA3400 oligomers are semi-crystalline at 
room temperature. These materials can be melt or solution 
mixed with a variety of other biocompatible materials or 
solvents to yield viscous fluids at body temperature that are 
suitable for injection into soft tissue. 

TABLE 3 

Data for PHA3400 hydrolysis in 85% Acetic Acid 
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EXAMPLE 3 

Injectable Polyhydroxyalkanoate 3836 
Compositions 

PHA3836 (30.0 g, Mw 1 00,000) was dissolved in dioxane 
(200 ml) with heating. After complete dissolution, concen- 
trated hydrochloric acid (20 ml) was added and the mixture 
was heated to reflux for 40 minutes. After cooling to room 
temperature, solid sodium bicarbonate was added to neu- 
tralize the acid. Solid MgS0 4 was added to remove water. 
The mixture was filtered to remove solids and concentrated 
to yield the oligomeric PHA3836 (27 g, yield 90%). This 
material was designated as sample C. The molecular mass of 
this product was determined to be 1 5,000 by GPC analysis, 
see Table 1 for GPC conditions. Upon standing at room 
temperature, sample C became an elastic, waxy material. 
After heating to 50° C, the wax became a viscous fluid 
suitable for injection, 

EXAMPLE 4 

Injectable Polyhydroxyalkanoate 3400 
Compositions 

45 

PHA3400 (poly-3-hydroxybutyrate) was dissolved in gla- 
cial acetic acid by heating at reflux with overhead stirring to 
yield a 6% solution. After complete dissolution of 
PHA3400, water (15% of the acetic acid volume) was added 
to yield a clear solution, Initially, the solution is viscous, 
however, with time the viscosity decreases as the Mw of the 
polymer is reduced. The solution was stirred at reflux (108° 
C). At various times, aliquots (3 ml) were removed and 
were precipitated into water (10 ml). The precipitate was 
collected via filtration, washed with water, dried and ana- 
lyzed. The precipitate was weighed to determine the amount 
of precipitated material. The yields of recoverable material 
were typically >60%, thus a significant portion of PHA3400 
may be soluble in the acetic acid/water solution after pre- 
cipitation of the polymer. The Mw of the polymer was $o 
analyzed by GPC, using a column which is designed for the 
analysis of low Mw polymers (500 000-500 g/mol, Waters 
HR4E). The analysis was performed in chloroform (1 
ml/min, RI detector, ambient temp., polystyrene standards), 
see Table 3. 

The hydrolysis of PHA3400 in 85% acetic acid at reflux 
(108° C.) proceeds smoothly with reasonable recovery of 
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9Sg 


60 


1,500 



50 



EXAMPLE 5 

Injectable Polyhydroxyalkanoate 4400 
Compositions 

Dissolve PHA4400 (poIy-4-hydroxybutyrate, 8.5 g, Mw 
430,000) in anhydrous THF (280 ml) to produce 3% wt/vol. 
solution. Apply gentle heating to 60° C. to facilitate disso- 
lution of the polymer. Slowly add 1 ml of absolute ethanol. 
Cool solution to room temperature. Add aliquots of sodium 
methoxide (0.1 M in methanol) to provide desired Mw and 
viscosity of the product (see Table 4). Stir at room tempera- 
ture for 10 minutes. Quench reaction with acid (if desired). 
Filter and evaporate THF to yield product (7.5 g, for 300 uL 
added sodium methoxide). 

In general the PHA4400 oligomers are semi-crystalline at 
room temperature. These materials can be melt or solution 
mixed with a variety of other biocompatible materials or 
solvents to yield viscous fluids at body temperature that are 
suitable for injection into soft tissue. 

TABLE 4 

Data for PHA4400 Hydrolysis 
Amount added McONa (uL) GPC Ret Time (min.) Molecular Mass* 



O (starting material) 

100 

200 

300 



7.87 
8.0 
8.6 
9.1 



430,000 
320,000 
82,000 
25,000 



65 



^Log Mw - GPC Ret Time • (-0.984) + 13.376, determined relative to 
polystyrene. 

EXAMPLE 6 

Injectable Polyhydroxyalkanoate 3444 
Compositions 

PHA3444 (poly-3-hydroxybutyrate-co-4-hydroxybu- 
tyrate) copolymers were prepared in recombinant E. coli. 
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The polymers were extracted from the dried biomass with 
chloroform and precipitated into 3-5 volumes of methanol. 
The material properties of these copolymers can be varied 
depending on the monomelic composition of polymers, see 
Table 5. Copolymers containing greater than 10% 4-hy- 
droxybutyrate (4HB) were elastic and rubbery. Samples 
containing 30-35% 4 -hy droxybutyrate were of low crystal - 
Unity as demonstrated by low DH, and were slow to recrys- 
tallize from the melt. 

In general the PHA3444 oligomers are semi-crystalline at 
room temperature. The amount of crystallinity can be 
adjusted by varying the composition. These materials can be 
melt or solution mixed with a variety of other biocompatible 
materials or solvents to yield viscous fluids at body tem- 
perature that are suitable for injection into soft tissue. 

TABLE 5 





Properties of PHA3444 Copolymers 




Produced in Recombinant £ coli 


%4HB 


DH ( J/g) 


Tg CO Mw (by GPC) 


12 


60 


-7 760,000 


15 


44 


-10 830,000 


32 


10 


-20 800,000 



Modifications and variations of the compositions and 
methods of use will be obvious to those skilled in the art 
from the foregoing detailed description and are intended to 
come with the following claims. 

What is claimed is: 

1. A composition for the repair or augmentation of tissue 
in animal or human, comprising: 

a biocompatible, bioabsorbable fluid which comprises a 
polyhydroxyalkanoate which is injectable into a human 
or animal for repair or augmentation of tissue, 

wherein the polyhydroxyalkanoate is a liquid or wax at a 
temperature between about 20 and 25° C. or wherein 
the polyhydroxyalkanoate is liquid at the body tem- 
perature of the animal. 

2. The composition of claim 1 wherein the polyhydroxy- 
alkanoate is a liquid at about 37° C. 

3. The composition of claim 1 wherein the biocompatible 
fluid is a microdispersion of particles of the polyhydroxy- 
alkanoate dispersed in a physiologically compatible liquid 45 
carrier. 



4. The composition of claim 3 wherein the carrier is a 
second polyhydroxyalkanoate or an aqueous solution. 

5. The composition of claim 1 wherein the particles have 
a diameter of less than about 500 urn. 

6. The composition of claim 5 wherein the diameter is less 
than about 50 urn. 

7. The composition of claim 6 wherein the diameter is less 
than about 5 um. 

8. The composition of claim 1 wherein the polymer 
derived from one or more monomers selected from the 
group consisting of 2-hydroxybutanoate, 3-hydroxyal- 
kanoates, 3-hydroxyalkenoates, 4-hydroxyalkanoates, 4-hy- 
droxyalkenoates, 5-hydroxyalkanoates, 5-hydroxyaIk- 
enoates, 6-hydroxyalkanoates, and 6-hydroxyalkenoates. 

9. The composition of claim 1 wherein the polyhydroxy- 
alkanoate has a molecular weight of less man 100,000 as 
d^ennined by gel permeation chromatography. 

10. The composition of claim 9 wherein the molecular 
weight is less man 50,000 as determined by gas permeation 
chromatography. 

11. The composition of claim 1 having a viscosity of 
between about 1 and 100,000 cP. 

12. The composition of claim 11 having a viscosity of 
between about 1 and 10,000 cP. 

13. The composition of claim 
bioactive agent. 

14. The composition of claim 
peptide or protein. 

15. The composition of claim 1 wherein the polyhydroxy- 
30 alkanoate is amorphous. 

16. A composition suitable for use in the treatment of 
osteoarthritis knees comprising: 

a biocompatible, bioabsorbable fluid which comprises a 
polyhydroxyalkanoate, wherein the composition is 
suitable for use as a viscosupplement, 
wherein the polyhydroxyalkanoate is a liquid or wax at a 
temperature between about 20 and 25° C. or wherein 
the polyhydroxyalkanoate is liquid at the body tem- 
perature of the animal. 

17. A kit comprising 

(a) the composition of claim 1; and 

(b) a means for delivering the composition to a patient. 

18. The kit of claim 17 wherein the means for delivering 
comprises a needle and a syringe. 



10 



15 



20 



25 



35 



40 



further comprising a 
further comprising a 



